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of a bioactive matenal deputed on the bioactive 

and at least one porous layer (20) Jpos'tea 
material layer (18) deposited on one surface o ^tmc t ^ ^ 
th e bioactive-material-free > surface^ ^Also -d--^ ^ ^ ^ 
impregnation of silver (*>). £ ised of a po i y mer bioactive material. It is particularly preferred that 

coronary stent. The porous U)WW ' £ prov ides a controlled release of the b' 02 "'^™ fatalvsts K mer ely by condensation 

of a monomer vapor. Silver is inciuuc 
implantable stent. 
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SILVER IMPLANTABLE MEDICAL DEVICE 



rif»c ;r.ription 

To*- hnina! Field 

This invention relates generally to human and veterinary med.cal dev.ces, 
and. particularly, to imputable medical devices with or without incorporating drugs 
or bioactive agents and, more particularly, to an implantable device including s.lver 
with or without incorporating drugs or bioactive agents. 

B.Hmrnnnd "f tfl° Invention 

,t has become common to treat a variety of medical cond.tions by 
introducing an implantable medical device partly or completely into the esophagus, 
trachea, colon, biliary tract, urinary tract, vascular system or other location w,th,n a 
human or veterinary patient. For example, many treatments o, the vascular system 
entail the introduction o, a device such as a stent, a catheter, a balloon, a wire gu.de^ 
. cannula, or .he like. However, when such a device is introduced ,n.o and 
manipulated through ,he vascular system, the blood vessel walls can be d.sturbed or 
injured. Clot formation or thrombosis often results a, the injured site, caus.ng 
stenosis or occlusion of the blood vessel. Moreover, if .he medical device ,s left 
wi.hin .he patien, for an extended period of time, .hrombus often forms on .he 
device itself, again causing stenosis o, occlusion. As a result, the patien, is placed 
a. risk o, a variety of complications, including hear, attack, pulmonary embolism, and 
stroke. Thus, the use of such a medical device can email the risk of precisely the 
problems that its use was intended to ameliorate. 

Another way in which blood vessels undergo stenosis is through d.sease. 
Probably .he mos. common disease causing s.enosis o, blood vessels ,s 
a.herosc,erosis. A.heroscleroais is a condition which commonly affects .he coronary 
arteries, the aorta, the iliofemoral arteries and the carotid arteries. Atherosclerotic 
piagues o, lipids, fibroblasts, and fibrin proliferate and cause obstruction o an artery 
or arteries. As the obstruction increases, a critical level of stenosis is reached, to the 
point where the flow of blood past the obstruction is insufficient to meet the 
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metabolic needs of ,he tissoe dista, «o (downstream of, the obstruction. Tbe result 
is ischemia. 

Many medical devices and therapeutic methods are known for the 
treatment of atherosclerotic disease. One particularly useful therapy for certain 
atherosclerotic lesions is percutaneous transluminal angioplasty ,PTA). During PTA 
a balloon-tipped catheter is inserted in a patient's artery, the balloon being deflated' 
The tip of the catheter is advanced to the site of the atherosclerotic plaque to be 
d.lated. The balloon is placed within or across the stenotic segment of the artery 
and then inflated, inflation o, the balloon "cracks" the atherosclerotic plague and 
expands the vessel, thereby relieving the stenosis, at least in part. 

While PTA presently enjoys wide use. i, suffers from two maior problems". 
F.rst. the blood vessel may suffer acuta occlusion immediately after or within the 
imtial hours after the dilation procedure. Such occasion is referred to as "abrupt 
closure." Abrupt closure occurs in perhaps five percent or so of the cases in which 
PTA ,s employed, and can result in myocardial infarction and death if blood flow is 
no, restored promptly. The primary mechanisms of abrupt closures are believed to 
be e.as,ic recoil, arterial dissection and/or thrombosis. „ has been postulated that 
the de„vary of an appropriate agent (such as an antithrombicl directly into tfie arterial 
wall at the time of angioplasty could reduce the incidence of thrombotic acute 
closure, but the results of attempts to do so have been mixed. 

A second major problem encountered in PTA is the re-narrowing of an 
artery after an initially successful angioplasty. This re-narrowing is referred to as 
restenosis" and typically occurs within the first six months after angioplasty 
Restenosis is believed to arise through the proliferation and migration of cellular 
componenta from the arterial wall, as wall as through geometric changes in the 
artanal wall referred to as "remodeling." I, has similarly been postdated tha, the 
dehvery of appropriate agents directly into the arterial wall could interrupt the cellular 
and/or remodeling events .aading to restenosis. However, like the attempts to 

prevent thrombotic acute closure the results nf atto™+ ♦ 

u.e, me results of attempts to prevent restenosis in this 

manner have been mixed. 
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Non-atherosclerotic vascular stenosis may also be treated by PTA. For 
example, Takayasu arteritis or neurofibromatosis may cause stenosis by fibrofc 
thickening of the arteria! wall. Restenosis of these lesions occurs e. a h,gh rate 
,o„owing angioplasty, however, due to the fibrotic nature of the diseases. Med,ca, 
therapies to treat or obviate them have been similarly disappo.ntmg. 

A device such as an intravascular stent can be a useful adjunct to PTA, 
particularly in the case of either acute or threatened closure after angioplasty. The 
stent is placed in the dilated segment of the artery to mechanically prevent abrupt 
closure and restenosis. Unfortunately, even when the implantation of the stent ,s 
accompanied by aggressive and precise antiplatelet and anticoagulation therapy 
(typically by systemic administration), the incidence of thrombotic vessel closure or 
other thrombotic complication remains significant, and the prevention of restenosis 
is not as successful as desired. Furthermore, an undesirab,e side effect of the 
systemic antiplatelet and anticoagulation therapy is an increased incidence of 
bleeding complications, most often at the percutaneous entry s,te. 

Other conditions and diseases are treatable with stents, catheters, 
cannulae and other devices inserted into the esophagus, trachea, colon, biliary tract, 
urinary tract and other locations in the body, or with orthopedic devices, implants, 
or repiacements. It wou,d be desirable to develop devices and methods for rel.ably 
delivering suitable agents, drugs or bioactive materials direct* into a body porhon 
during or following a medical procedure, so as ,o treat or prevent such conditions and 
diseases, for example, to prevent abrupt Cosure end/o, restenosis of a body port,on 
such as a passage, .umen or blood vesse,. As a particular example, it would be 
desirable to have devices and methods which can deliver an antithrombic or other 
medication to ,he region of a blood vesse, which has been treated by PTA or by 
another interventional technique such as atherectomy, laser ab.a«ion, or the l.ke It 
would also be desirable that such devices would deliver their agents over both the 
short term (that is, the initial hours and days after treatment* and the long term (the 
weeks and months after treatment,. It would also be desirable to 
control over the de,ivery rate for the agents, drugs or bioactive material and to „m,t 
systemic exposure to them. This would be particularly advantageous in therap,es 
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involving the delivery of a chemotherapeutic agent ,o a particular organ or site 
through an intravenous oatheter (which itseif has the advantage of reducing the 
amount of agent needed for successful treatment,, by preventing stenosis both aiong 
the catheter and at the cetheter tip. A wide variety of other therapies couid be 
s.milariy improved. Of course, * wou,d a,so be desirable to avoid degredation o, the 
agent, drug or bioactive material during its incorporation on or into any such device 
When an angiop.as,y is performed in a vesse., the inner layers of the vessel 
can be split or torn as the vesse, is expanded. Stents are then ,re q uen,,y employed 
to keep the vesse, open after angioplasty and to hold the torn or damaged tissue ou, 
of the b,ood stream. The result is usually very good in the short term; however, after 
s,x months to one year after the initial procedure, the vessels frequently become 
narrow again. Studies into the reason for the restenosis in these oases have shown 
that the restenosis is primarily due to the proliferation of fibroblasts resulting from 
the healing process tha, takes place in the vesse, after the angioplasty. This 
probation o, fibrobiasts results in the formation of new tissue commoniy known 
as smooth muscle cell proliferation to create a new restriction to blood flow in the 
vessel. 

Other problems experienced with the use of catheters, particularly 
catheters designed for urinary tree, infections present a significant risk in patients 
w,th an in dweHing catheter. Although most of such infections are symptomatic 
they are sometimes serious and can result in prolonging the length of stay and 
increasing the cost of hospital care. Bacteria are believed to gain access to the 
catheterized biadder either by migration from ,he collection bag and/or catheter or by 
ascending the periurethral space outside the oatheter. It has been found the, by 
coating catheters with silver or silver oxide reduced the incidence of catheter 
assocated bacteriuria. Silver is known to possess antibacterial properties and is used 
top,oa«.y either as a metal or as silver salts. „ is not absorbed ,o any great extent 
and the main probiem associated with the metal is argyria, a general grey 
discoloration. 
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- so,ved and a — -nee is achieved , 
a„ mustrative s»ver vasou,ar stent or other siiver imp,antab,e med,ca, dev.ee t a 
d ageoua,y reduces it not minimizes the probation o« fibrob.asts and the 
le o relosis in stented vessels. The sUver eontainin 9 vescular stents can 
e taln expandable, self-expanding, or any eemhination thereof. The ba, oo 
pan able si, er stent ean be depioved at the same time an angiopla^y proce u 
a performed, thus advantageous* retiring on,y one medioa, procedure. A so, d 
I: vasouiar stent iends i,ee„ we,, to use in baiioon expandabie stents because 

a ma,,eab,e nature of the siiver. The baiioon expandabie silver stent ean also be 
17 om base materia, with good mechaniea, properties tor s,antin 8 that , a 
^ d with silver by any one of a number of proeesses. These 
.actuating, aerostatic, electronic ion beam deposits -J"*^ 
sputtering, vaouum daposnion or other Known app.ica,ion proeesaes ova, base Stan 
lis such as stainless steel. tanta,um. nic.e, titanium a„oys sue as • mo 
po.ymer or copolymer plaatics. copper, zinc, platinum. s„ver er gold. etc. The sH 
coZiwhich is used genehea,,y to indicate the application or ine,us,on ,n s,,v r ,n 
:" t . above-re f ereneed application processes, ean be applied directly to the^se 
mlria, or to an intermediate coating such as paryiene or an ether me,a„,c eoatmg 
a a Ti d Pd The vascular sten, or imp,antab,e medica, device can a,so be m da 
1 l o * Le, experience with centra, venous access catheters that have a s,,er 
coating «or anti-sapsis has shown that a coating of silver w,th only a 3.000 

ntaterial and/or in the coating. As a preferred example, the addition o, small amount 
material ana/or in maximum 

::::: : e s:zz:, — . ~ - - - * ^ — 

can have maximum tensile strength of over 200 Kps,. 
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.he sten , inr h an be used in coniunc,ion wi,h ° ,her *» - « 

the stem such as Hepann. Taxol, Dexamchosone a,on 9 with chars hara af«ar 
descnbed to further enhance the stents or , „ ■ 

devices' an.i. hm „ eV ' CS ° r im P |a "«ble medical 

dev,cas acthrombogemc cr antiproliferative abiiity. Beth the bailocn expandable 
en, as we,, as the self-expanding stent can be assembled and,or complete y 3 
r n„ad w„h a silver barring solder „or example, 70% silver. , 5% opp r " 
z,nc, which can provide or supplement the antiproliferative action 

Furthermore and advantageously, silver can be used alone as a coatino 
•n combination with other carrier, drug or medicament materials, as one , a Z I 
o her '-era of materials, and with base materials that are used to imp ov Z 
adhas,on o, silver to any char carrier, drug, medicament or base meter 
Advantageously, silver can be ion beam bombarded or implanted to provide a spa! 
urfac. energy density in the preferred range of 20 to 30 dynes per centime ^ 

nh Z ,an9e ' 0n ' V 18 ^ "*•»**•»• Effect o, the stem or devic 
enhanced but the outer surface of th* ct 0 „- ^ 

thrombus, fungus bact * * * '~ 

imBl »„, ■ encrustations thereon. Silver coatings 

•mplacabons, ,mpregna,ions or dispersions having a miexness in the range o, 3 «£ 
engstroms to .005 inches are contemplated dependent on the thiexness Q e 2 

i: : b :~ e ,ayers ,hereon - sten,s ° r °^ — ■»— 

u .n 9 a base matana, with a siiver coating deposited directiy thereon is one exampie 
of coe„n g configuration. Another configuration of the stent is to include a ba 

z r re r of a carrier or dispersam ~ - - — ~ 

nd he , k ! " 9 W ' ,h 3 C ° a,in9 ' deP0Siti °"' im »~„. or implantation 

an Lc ' S a ' S ° COntemPla,ed ' An0,he ' C ° n,i9 — - «» — -en, 

ml 3 " W ' ,h a " erna,in9 " 3 — —rial, siive, drug 

or med-camen, ,s aiao contemplated. Various recesses or cavities included in ,h 
rface or made par, o, the stan, or implantable medical device are also contempla « 
and included with the silver device. mp.ated 

an i„ua,ra, The '° re90in9 Pr ° b ' 8mS ™ ' * «*•»- >" 

controlled release o, an agen,, drug or bioacive materia, into the vascuiar or char 
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system, or Cher location in the body, in which , stent or other device is positroned. 
Applicants have discovered that the degradation of en agent, a drug or a bioaCve 
materia, appiied to such a device can be avoided by covering the agen,, drug or 
oioactive materia, with a porous iayer o. a biocompatible polymer that ,s apphed 
5 without the use of soivents, catalysts, heat or other chemicais or technics, whrch 
would otherwise be likely to degrade or demage the agent, drug or matenal. Those 
biocompatible pdymers may be applied preferably by vapor deposition or plasma 
deposition, and may polymerize end cure merely upon condensation 
pbase, or may be phcolyticaLy polymerizable end ere expected to be useful for , 
10 purpose. However, it should be recognized that other coating technigues may a,so 
be employed.^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

,o an implantable medical device comprising a structure adapted for introduction into 
tbe esophagus, trachea, colon, biliary tract, urinary tract, vascular system or o, 
,oca,ion in a human or veterinary patient, the structure being compose of base 
materia, at least one layer of a bioactive materia, posited on one surface of the 
stru c,ure or pos,ted in we,,, holes, grooves, s,ots end the like contend 
structure; and at leas, one porous leyer posited over the bioacbve mcer, , ayer »- 
,be bioactive-material-free surface, the porous layer being composed of a polyme 
and having a thickness adeguate to provide a controlled release of the b,oact,ve 

ma,er ""' Preferebly, when the device is intended for use in the vascular system, the 
bio acive materia, In the e, leas, one ,ayer is heparin or enother entitle, « 
antithrombotic agent, or dexamethasone. dexamethasone acetate, dexamet^ one 
25 sodium phosphate, or enother dexemethasone derivative or 

Furthermore, a wide range o, Cher bioaCive materia* can be employed, Mdmg, 
b C no, limited to, ,he following categories of agents: thromboses va d ^o« 
antihypertensive agents, antimicrobials or antibiotics, antimitotics, ant,pro„fera„ve. 
antJcretory agents, non-steroidal anti-.nflammatory drugs, immunosuppres v 
30 agents growth factors and growth factor antagonists, anbtumor and/or 
30 agems, gr antix/ira | aaen t s ohotodynamic therapy 

chemotherapeutic agents, ant.polymerases, ant.v.ral agents, p* 
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agents, antibody targeted therapy egents, prodrug,, sex hormones, free radical 
scavengers, antioxidants, bioiogic agents, radiotherapeutic agents, radiopaque agents 
and radiolabeled agents. The maior restriction is the, the bioactiye materia, must be 
able ,o withstand the coating techniques, for example, the yacuum employed during 
vapor deposition or piasma deposition of the a, leas, one porous iayer. In other 
words, the bioactiye materia, must haye a relatively low vapor pressure a, the 
depos,„on temperature, typically, near or a, room temperature. 

The at least one porous layer is preferably composed of a polyamide 
parylene or a pary,ene derivative applied by catalyst-free vapor deposition and is 
conveniently about 5,000 to 250.000 A thick, which is adequate to provide a 
controlled release of the bioactiye materia,. -Parylene- is both a generic name for a 
known group of polymers based on p-xyly.ene and made by vapor phase 
Polymerization, and a name for the unsubstituted form of the P o,ymer ; the ,at,er 
usage is employed herein. More particu,ar,y, parylene or a parv,ene derivative is 
created by first heating p-xy,ene or a sui,ab,e derivative a, an appropriate temperature 
(for examp,e, a, about 950°C> to produce the cyclic dimer di-p-xy,y,ene tor a 
derivative thereof,. The resultan, so,id can be separated in pure form, and then 
cracked and pyrolyzed at an appropriate temperature (for example, a, about 680°C) 
to produce a monomer vapor of P -x yl y,ene (or derivative,; the monomer vapor is 
coded to a suitable temperature (for example, below 50°C> and allowed to condense 
on the desired object, for example, on the a, leas, one layer of bioactiye material 
The resultan, polymer has ,he repeating structure +CH 2 C e H 4 CH !+ „, wi,h n equal ,o 
about 5,000, and a molecular weigh, in the range of 500,000. 

As indicated, parylene and parylene derivative coatings applicable by vapor 
deposition are known for a variety of biomedical uses, and are commercial^ available 
from or through a variety of sources, including Specialty Coa,ing Systems „00 
Deposition Drive, dear Lake, W, 54005,, Para Tech Coating, Inc. ,35 Argonau, Aliso 
V,e,o. CA 92656, and Advanced Surface Technology, ,nc. ,9 Linne, Circle, Bi „erica 
MA 01 821-3902). 

The at least one porous layer can alternatively be applied by plasma 
depo.rt.on. Plasma is an ionized gas maintained under vacuum and excited by 
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electrica, energy. typical* in the radiofreguency ranee. Because the g s - 
maintained under vacuum, the plasma deposition process eccurs a, er near room 
Iperarure. Plasma can be used ,0 deposit poiymers such as polygene ox,d , 
poiyfethylene glycol,, and polypropylene oxide,, as we,, as polymers of s„,cone 
line" tetrafluoroethylene .induding TEFLON brand polymers,. 

tetramethyldisiloxane, and others. „,, ho „ rBS ent 
While the foregoing represents some preferred embod.ments of the present 
invention, other pofymer systems may a,so he empioyed, e.g., polymers derived from 
pho.opolymerizeable monomers. Also, other coating techniques may be ut,.,zed, e.g., 

dipping, spraying, and the like. 

The device may include two or more layers of different bioacve matenals 
atop the structure. However, for the purposes of the present invention the same 
io active materia, will generaUy not be posited on the different surfaces of the e«c 
within the same layer. ,n other words, each surface „ the device structure w an 
a different bioaotive materia, or materials except where the bioactive matena, ,s 
innermost or outermost layer, e.g. heparin may form the innermost layer er 
Itermost layer or both. These additional layers may be p,aced directly atop on 
anoth er or can be separated by additional porous polymer ,ayers between ea of 
them. Additional the ,ayers of bioactive materials can ccmpr.se a 
different bioactive materials. The porous layers are also preferably composed of 
p 1 or a parylene derivative. Advantageously, ,he two or more b.oachve 
Z22 can have different solubilities, and the ,ayer containing the less so luhle 
rive materia, „or example, dexamethasone, is preferab.y posited above t e ayer 
containing the more so,ub,e bioactive materia, <for example, hepann,. Unexpec, d^ 
Z has been found to increase the ,n v,»o release rate o, some relatively ,ess solu * 
materials such as dexamethasone, while simultaneously decreasing the reiease rate 
of some relatively more soluble materia* such as hepann. 

Whi,e the structure included in the device may be confuted ,n a vanety 
of ways, the structure is preferably configured as a vascular stent composed of a 
„ oZpatible metal such as stainless steel, nicxel, si,ver, p,a«inum, go,d htan.um 
I , iridium, tungsten, Nitinol, Inconel, or the lixe. An additional sub— 
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nonporous coating ,ayer of parylene or a parylene derivative or other biocompatible 
polymer of about 50,000 to 500,000 A thick may be posited directly atop the 
vascular stent, beneath the a. ieast one iayer of bioaotive materia,. The additiona. 
coating layer can meraiy be relatively ,ess porous than the a, leas, one porous .ayer 
but preferably is substantially nonporous, mat is, sufficiently nonporous to render the 
stent essentially impervious to blood during normal circumstances of use 

In a second aspect, the present invention is directed ,o a method of 
m * n9 a " imP ' an,able mediMl devi « « 'ne type disdosed above, in which the 
method comprises the steps of: depositing a, leas, one layer of a bioactive materia, 
on one surface of the structure, and depositing at leas, one porous layer over the at 
leas, one bioactive materia, layer and ,ha bioac,ive-ma,erial-,rae surface, a, Teas, ~ 
one porous ,ayer being composed o, a polymer and being of a thickness adequate ,o 
provide a con,ro„ed release of ,he bioactiva material. Convenient and in a preferred 
embodiment me a, leas, one porous layer is polymerized from a monomer vapor 
wh,ch is free of any solvent or polymerization catalys,, and cures by itse.f upon 
condensation, without any additional heating or curing aid „or example, visible or 
ultraviolet light,. The a, least one layer o, the bioactive materia, may be deposited 
on the one surface of me structure by any convanien, method such as dipping 
rollmg, brushing, spraying, electrostatic deposition, or the like. 

Lastly, in a third aspec,, ,he present invention is directed ,o an 
improvement in a method of medically treating a human or veterinary patient by the 
step of mserting an implantable medical device into the body of ,he patien, the 
dev,ce comprising a stiucure adapted for introduction into an applicable system of 
or location in ,he patien,, and me structure being composed of a base material in 
wh,ch the procedure comprises the preliminary steps of: depositing a, leas, one layer 
of a b,oac,ive material on one surface of the structure; and depositing a, least one 
porous layer over ,ha a, leas, one bioactive materia, layer and the bioactive-material- 
frae surface, the a, ,eas, one porous ,ayer being composed o, a polymer having a 
,h,ckness adequate to provide a controlled release of the bioactiva material. 

The device and methods of the present invention are useful in a wide 
vanety of locations wimin a human or veterinary patien,, such as in the esophagus 
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trachea, colon, biliary tract, urinary tract and vascular syatam, as we,, as for subdural 
and orthopedic devices, implants or replacements. They are particularly 
advantageous for reliably delivering suitable bioactive materials during or fo..ow,ng 
an intravascular procedure, and find particular use in preventing abrupt closure and/or 
restenosis of a blood vessel. More particularly, they permit, for example, the dehvery 
of an antithrombotic, an antiplatelet, an an,,-inf,amma,ory steroid, or another 
medication to the region of a blood vessel which has been opened by PTA. Ukew.se. 
„ allows for the delivery of one bioactive materia, to, for example, the ,umen of a 
blood vessel and another bioactive materia, ,o the vesse, wall. The use of a porous 
polymer ,ayer permits the release rate o, a bioactive materia, to be carefuUy 
controlled over both the short and long terms. 

These and other aspects of the present invention will be appreoated by 
those skilled in the art upon the reading and understanding of the specificafon. 

Pr jrt DPsr.riP trr oi th p Rawing 

A better understanding of the present invention will now be had upon 
reference to the following detailed description, when read in conjunction with the 
accompanying drawing, wherein like reference characters refer to l.ke parts 
throughout the several views, and in which: _ 

FIG. 1 is a cross-sectional view of a first preferred embodiment of the 

present invention; 

FIG. 2 is a cross-sectional view of another preferred embod.ment of the 
present invention; 

FIG. 3 is a cross-sectional view of yet another preferred embod.ment of the 
present invention; 

FIG. 4 is a cross-sectional view of a further preferred embod.ment of the 

present invention; «f 
FIG. 5 is a cross-sectional view of en additional preferred embod.ment of 

the present invention; 

F ,Gs. 6A end 6B are cross-sectiona, views of an additional preferred 

embodiment of the present invention; 



WO 98/17331 gyj| 

PCT/US97/19188 



- 12 - 



FIG. 7 is a cross-sectional view of an additional preferred embodiment of 
the present invention; 

FIG. 8 is a partial, enlarged top view of FIG. 7; 

FIG. 9 is an enlarged, sectional view along lines 9-9 of FIG. 8; 

FIGs. 10A-10D are enlarged cross-sectional views along lines 10-10 of 

FIG. 8; 

FIG. 1 1 is a pictorial view of a balloon expandable vascular stent with 
silver included therein; 

FIG. 12 is a cross-sectional view of the cylindrical wire of the stent of 

FIG. 11; 

FIG. 13 is side view of the silver vascular stent of FIG. 11 in a collapsed 
condition on a balloon catheter; 

FIG. 14 is a side view of the stent of FIG. 1 3 in an expanded condition 
on a balloon catheter; 

FIG. 1 5 is a pictorial view of another embodiment of a silver endovascular 
stent etched from a sheet of a base material; 

FIG. 1 6-1 8 depict various cross-sectional views with silver, carrier, drug 
or medicament layers positioned on a base materia, of, for example, a waveform leg 
of the stent of FIG. 15; 

FIG. 1 9 depicts a side view of another embodiment of a self-expanding 
silver "Z" endovascular stent; 

FIG. 20 depicts an end view of the Z stent of FIG. 1 9; 
FIG. 21 depicts the Z stent of FIG. 19 deployed in a blood vessel; and 
FIG. 22 depicts a balloon expandable, silver stent formed from a 
cylindrical tube. 

Detailed Inscription of the Pr^terr^ F ^ bp^^ 

With reference now to FIG. 1, an implantable medical device 10 in 
accordance with the present invention is shown and first comprises a structure 12 
adapted for introduction into a human or veterinary patient. "Adapted" means that 
the structure 1 2 is shaped and sized for such introduction. For clarity, only a portion 
of the structure 12 is shown in FIG. 1 . 
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By way of example, the structure 12 is configured as a vascular stent 
particularly adapted for insertion into the vascular system of the patient. However, 
this stent structure can be used in other systems and sites such as the esophagus, 
trachea, colon, biliary ducts, urethra and ureters, subdural among others. Indeed, the 
structure 12 can alternatively be configured as any conventional vascular or other 
medical device, and can include any of a variety of conventional stents or other 
adjuncts, such as helical wound strands, perforated cylinders, or the like. Moreover, 
because the problems addressed by the present invention arise with respect to those 
portions of the device actually positioned within the patient, the inserted structure 
1 2 need not be an entire device, but can merely be that portion of a vascular or other 
device which is intended to be introduced into the patient. Accordingly, the structure 
12 can be configured as at least one of, or any portion of, a catheter, a wire gu.de, 
a cannula, a stent, a vascular or other graft, a cardiac pacemaker lead or lead t.p, a 
cardiac defibrillator lead or lead tip, a heart valve, or an orthopedic device, appl.ance, 
implant, or replacement. The structure 1 2 can also be configured as a comb.nafon 

of portions of any of these. 

Most preferably, however, the structure 12 is configured as a vascular 
stent such as the commercially available Gianturco-Roubin FLEX-STENT coronary 
stent from Cook Incorporated. Bloomington. Indiana. Such stents are typically about 
10 to about 60 mm in length and designed to expand to a diameter of about 2 to 
about 6 mm when inserted into the vascular system of the patient. The Gianturco- 
Roubin stent in particular is typically about 12 to about 25 mm in length and 
designed to expend to a diameter of about 2 to about 4 mm when so inserted. 

These stent dimensions ere, of course, applicable to exemplary stents 
employed in the coronary arteries. Structures such as stents or catheter portions 
intended to be employed at other sites in the patient, such es in the aorta, 
esophagus, trachea, coion, biliary tract, or urinary tract will have different dimens,ons 
more suited to such use. For example, aortic, esophageal, tracheal end colomc 
stents may have diameters opto about 25 mm and lengths abou, 100 mm or longer. 

The structure 12 is composed of e base material 14 suitable for the 
intended use of the structure 12. The base material 14 is preferably biocompatible, 
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although cytotoxic or other poisonous base materials may be employed "frthey are 
adequately isolated from the patient. Such incompatible materials may be useful in, 
for example, radiation treatments in which a radioactive material is positioned by 
catheter in or Cose to the specific tissues to be treated. Under most circumstances, 
however, the base material 14 of the structure 12 should be biocompatible. 

A variety of conventional materials can be employed as the base material 
14. Some materials may be more useful for structures other than the coronary stent 
exemplifying the structure 12. The base materia. 14 may be either elastic or 
•nelastic, depending upon the flexibility or elasticity of the polymer layers to be 
applied over it. The base material may be either biodegradable or non-biodegradable 
and a variety of biodegradable polymers are known. Moreover, some biologic agents 
have sufficient strength to serve as the base material 14 of some useful structures 
12, even if not especially useful in the exemplary coronary stent. 

Accordingly, the base material 14 can include at least one of stainless 
steel, tantalum, titanium, nitinol, gold, platinum, Inconel, iridium, silver, tungsten*; or 
another biocompatible metal, or alloys of any of these; carbon or carbon fiber; 
cellulose acetate, cellulose nitrate, silicone, polyethylene teraphthalate, polyurethane, 
polyamide, polyester, polyorthoester, polyanhydride, polyether sulfone, 
polycarbonate, polypropylene, high molecular weighw polyethylene, 
polytetrafluoroethylene, or another biocompatible polymeric material, or mixtures or 
copolymers of these; polylactic acid, polyglycolic acid or copolymers thereof, a 
polyanhydride, poiycaprolactone, polyhydroxybutyrate valerate or another 
biodegradable polymer, or mixtures or copolymers of these; a protein, an extracellular 
matrix component, collagen, fibrin or another biologic agent; or a suitable mixture ot 
any of these. Stainless steel is particularly useful as the base material 14 when the 
structure 1 2 is configured as a vascular stent. 

Of course, when the structure 12 is composed of a radiolucent material 
such as polypropylene, polyethylene, or others above, a conventional radiopaque 
coating may and preferably should be applied to it. The radiopaque coating provides 
a means for identifying the location of the structure 12 by X-ray or fluoroscopy 
during or after its introduction into the patient's vascular system. 



'D: <WO 9817331A1_I_> 



PCT/US97/19188 

WO 98/17331 

- 15 - 



With continued reference to FIG. 1 , the vascuier device 1 0 of the present 
invention next comprises at least one layer 18 of a bioactive materia! posited on one 
surface of the structure 1 2. For the purposes of the present invention, a. least one 
bioactive materia, is posited on one surface of the structure 1 2. and the other surface 
wi,l either contain no bioactive material or one or more different bioactive matenals. 
in this manner, one or more bioective materials or drugs may be delivered, for 
example, with a vascular stent, to the blood stream from the lumen surface of the 
stent and a different treatment may be delivered on the vessel surface of the stent. 
A vest range of drugs, medicaments and materials may be employed as the bioactrve 
material in the layer 18, so long as the selected materia, can survive exposure to the 
vacuum drawn during vapor deposition or plasma deposition. Perticulerly useful ,n 
the practice of the present invention are materials which prevent or ameliorate abrupt 
closure and restenosis of blood vessels previously opened by stenting surgery or 
other procedures. Thrombolytics (which dissolve, break up or disperse thrombO end 
antithrombogenics (which interfere with or prevent the formetion of thrombO ere 
especially useful bioactive materiels when the structure 12 is a vascular stent. 
Particularly preferred thrombolytics are urokinase, streptokinase, and the trssue 
plasminogen activators. Particularly preferred antithrombogenics are heparin. h,rud,n. 

and the antiplatelets. 

Urokinase is a plasminogen activating enzyme typically obta.ned from 
human kidney cel. cultures. Urokinase catalyzes the conversion of plasminogen ,nto 
the fibrinolytic plasmin, which breaks down fibrin thrombi. 

Heparin is e mucopolysaccharide anticoagulant typically obtained from 
porcine intestinal mucosa or bovine lung. Heparin acts as a thrombin inhibitor by 
greatly enhancing the effects of the blood's endogenous antithrombin ,1,. Thromb.n 
a potent enzyme in the coaguiation cascade, is key in cateiyzing the formabor , of 
fibrin Therefore, by inhibiting thrombin, heparin inhibits the formation of form 
thrombi. Alternatively, heparin may be covalently bound to the outer iayer o 
structure 12. Thus, heparin would form the outermost layer of structure 12 and 
would not be readily degraded enzymaticelly, and would remein active as a thromb.n 
inhibitor. 
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Of course, bioactive materials having other functions can also be 
successfully delivered by the device 10 of the present invention. For example an 
ant.pro.iferative agent such as methotrexate will inhibit over-proliferation of smooth 
muscle cells and thus inhibit restenosis of the dilated segment of the blood vessel 
The antiproliferative is desirably supplied for this purpose over a period of about four 
to s,x months. Additionally, localized delivery of an antiproliferative agent is also 
useful for the treatment of a variety of malignant conditions characterized by highly 
vascular growth. In such cases, the device 10 of the present invention could be 
Placed in the arterial supply of the tumor to provide a means of delivering a relatively 
h.gh dose of the antiproliferative agent directly to the tumor. 

A vasodilator such as a calcium channel blocker or a nitrate will suppress 
vasospasm, which is common following angioplasty procedures. Vasospasm occurs 
as a response to injury of a b.ood vessel, and the tendency toward vasospasm 
decreases as the vessel heals. According.y, the vasodilator is desirably supplied over 
a period of about two to three weeks. Of course, trauma from angioplasty is not the 
only vessel injury which can cause vasospasm, and the device 10 may be introduced 
■nto vessels other than the coronary arteries, such as the aorta, carotid arteries, renal 
arter.es, iliac arteries or peripheral arteries for the prevention of vasospasm in them. 

A variety of other bioactive materials are particularly suitable for' use when 
the structure 12 is configured as something other than a coronary stent. For 
example, an anti-cancer chemotherapeutic agent can be delivered by the device 10 
to a localized tumor. More particularly, the device 10 can be placed in an artery 
supplying b.ood to the tumor or elsewhere to deliver a relatively high and prolonged 
dose of the agent directly to the tumor, while limiting systemic exposure and toxicity. 
The agent may be a curative, a pre-operative debulker reducing the size of the tumor 
or a palliative which eases the symptoms of the disease. It should be noted that the 
b.oactive material in the present invention is delivered across the device 10, and not 
by passage from an outside source through any lumen defined in the device 10, such 
as through a catheter employed for conventional chemotherapy. The bioactive 
materia, of the present invention may, of course, be released from the device 10 into 
any lumen defined in the device, or to tissue in contact with the device and that the 
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lum en may carry some other agen, «o be delivered through it. For example. 

tamoxifen oitrate. Taxo.® or derivatives thereof Proscar*. Hytrin- or Eu.exin® may be 

a pp,ied to the tissue-exposed surface of the device for delivery to a tumor located. 

for example in breast tissue or the prostate. 

Dopamine or a dopamine agonist such as bromocriptine mesylate or 
pargolide mesylate is useful for the treatment of neurological disorders such as 
Parkinson's disease. The device ,0 could be placed in the vascular supply of the 
thalamic substantia nigra for this purpose, or elsewhere, locating treatment ,n the 
thalamus. 

A wide range of other bioactive materials can be delivered by the dev.ce 
1 0 Accordingly, it is preferred M the bioactive material contained in the layer 1 8 
includes at leas, one of heparin, covalent heparin, or another thrombin inhib„or, 
hirudin, hirulog, argatroban, D-phenylalanyl-L-poiy-L-arginy. chloromethyl ketone, or 
another antithrombogenic agent, o, mixtures thereof; urokinase, streptokinase a 
tissue plasminogen activator, or another thrombolytic agent, or mixtures thereof; a 
fib rino,yt,c agent; a vasospasm inhibitor; a calcium channel blocker, a nitrate, n,tnc 
oxid e, a nitric oxide promoter o, another vasodilator; Hytnn® or other 
antihypertensive agents; an antimicrobial agent or antibiotic; aspirin, tic,op,d,ne, a 
oncoprotein llb/„la inhibitor or another inhibitor of surface glycoprotein receptors^ or 
another an,ip,ate,et agent; colchicine o, another antimitotic, or another microtubule 
inhibitor, dimethyl sulfoxide (DM80). a retinoid or another antisecretory agent; 
cytochalasin or another actin inhibitor; or a remodeling inhibitor; deoxynbonucle.c 
acid, an antisense nucleotide o, another agent for molecuiar genetic intervene 
methotrexate or another antimetabolite or antiproliferative agen,; tamoxifen era e. 
Taxol- or «he derivatives .hereof, or Cher anti-cancer chemotherapeutic agen,s; 
oaxamethasone. dexame,hasone sodium phospha,e. dexamethasone acetate or 
another dexamethasone derivative, or another an,i-inf,amma,o,y stared or non- 
steroidal antiinflammatory agent; cyclosporin or another immunosuppressive agent; 
trapidal ,a PDGF antagonist,, angiopeptin (a growth hormone antagonist), ang,ogen,n. 
a growth factor or an anti-growth factor antibody, or another growth fee or 
antagonist; dopamine, bromocriptine mesy.ate, pergoUde mesylate or another 
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dopemine agonist; -Co (5.3 year half ,if e) , «* , 73 . 8 days) , 3!p „ 4 „, n 
(68 hours,, -v ,64 hours,. -To ,6 hours, or another radiotherapeutic agent; iodine- 
oontaining oompounds. barium-oontaining compounds. go.d, tantalum, p(a,inum 
tungsten or another heavy metal functioning as a radiopaque agent; a peptide a 
protein, an enzyme, an extracellular matrix component, a ceiluler component or 
another bioiogic agent; oaptopril, enaiaprii or another angiotensin converting enzyme 
(ACE, .nhibitor; ascorbic acid, aipha tocopherol, superoxide dismutase, deferoxamine 
a 21-aminosteroid (lasaroidl or another free radical scavenger, iron chelator or 
antioxidant; a »C, *H, * P . or 3 6s , adiolabe , ed ^ ^ ^ ^ 

of any of the foregoing; estrogen or another sex hormone; AZT or other 
an„polymerases; acydovir, famciclovir, rimantadine hydrochloride, ganciclovir 
sod,um, Norvir, Crixivan, or other antiviral agents; ^aminolevulinic acid 
meta-tetrahydroxyphenylchlorin, hexadecafluoro zinc ph.halocyanine, tetramethyi " 
hematoporphyrin. rhodamine 123 or other pho.odynamic therapy agents; an ,gG2 
Kappa antibody against Pseudomonas aeruginosa exotoxin A and reactive with A431 
epidermoid carcinoma cells, monoclonal antibody against the noradrenergic enzyme 
dopamine beta-hydroxylase conjugated to saporin or other antibody tergeted therapy 
agents; gene therapy agents; end enaiaprii and other prodrugs; Proscar*, Hyttin® or 
other agents for treating benign prostatic hyperplasia (BHP, or a mixture of any of 
these; and various forms of small intestine submucosa (SIS,. 

In a particularly preferred aspect, the layer of bioacive material contains 
preferably from about 0.0! mg to about 10 mg and more preferably „om about 0 1 
mg to about 4 mg of the bioactive materia! per cm* of the gross surfece area of the 
structure. "Gross surface area" refers to the area calculated from the gross or overall 
extent of the structure, and not necessarily to the actual surface area of the 
particular shape or individual parts of the structure. In other terms, about 100 m to 
about 300 „g of drug per 0.001 inch of coating thickness may be contained on the 
device surface. The totel loading or amount o! bioactive material tha, can be 
con.a.ned on the device can range from 10 ^g to about 1000 „. This range will 
vary depending on the specific bioactive materia, or drug, method of application and 
the like. 
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When the structure 12 is configured as e vascular stent, however, 
particularly preferred materials for the bioactive material of the layer 18 are heparin, 
anti-inflammatory steroids induding bu, not limited to dexamethasone and ,ts 
derivatives, and mixtures of heparin and such steroids. 

Still with reference to FIG. 1 , the device 1 0 of the present invention also 
oomprises a. least one porous layer 20 posited over the layer 1 8 of bioaotive materia, 
and the bioactive-material-free surface. The purpose of the porous layer 20 .s to 
provide a controlled release of the bioactive material when the device 10 rs 
positioned in the vascular system of a patient. The thickness, porosity and the l.ke 
of the porous layer 20 is selected so as to provide such control. 

More particulariy. the porous layer 20 is composed of a polymer deposrted 
on the bioactive material layer 1 8, preferably by vapor deposition. Plasma deposit™ 
ma y also be useful for this purpose. Preferably, the layer 20 is one that ,s 
polymerized from e vapor which is free of any solvent, catalysts or srmrlar 
polymerization promoters. Also preferably, the polymer in ,he porous layer 20 ,s one 
which automatically polymerizes upon condensation from the vapor phase, wrthout 
the action of any curative agent or activity such as heating, the application of v,s,b,e 
or ultraviolet light, radiation, ultrasound, or the like. Most preferably, the polymer ,n 
the porous layer 20 is polyimide, parylene or a parylene derivative. 

When first deposited, the parylene or parylene derivative is thought to form 
a network resembling a fibrous mesh, with relatively large pores. As more rs 
deposited, the porous layer 20 no, only becomes thicker, but it is believed that 
parylene or parylene derivative is also deposited in the previously formed pores, 
making the existing pores smaller. Careful and precise control over the deposmon 
of the parylene or parylene derivative therefore permits close control over the release 
rate of material from the a, least one layer 18 of bioactive material. It is for th,s 
reason that the bioactive material lies under the at leas, one porous layer 20, rather 
than being dispersed within o, throughout it. The porous layer 20, however, also 
protects the bioactive materia, layer 18 during deployment o, the device 10, for 
example, during insertion of the device 10 through a catheter and into the vascular 
system or elsewhere in the patient. 
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As shown in FIG. 1, the device 10 of the present invention can further 
comprise at least one additional coating .aver 16 posited between the structure 12 
and the at least one layer 18 of bioactive material. While the additional coating layer 
1 6 can s.mp.y be a medical grade primer, the additional coating layer 1 6 is preferably 
composed of the same polymer as the at least one porous layer 20. However the 
add.t.ona. coating layer 1 6 is a.so preferably less porous than the at least one porous 
layer 20, and is more preferably substantially nonporous. "Substantially nonporous" 
means that the additional coating layer 1 6 is sufficiency impervious to prevent any 
appreciable interaction between the base material 14 of the structure 12 and the 
blood to which the device 10 will be exposed during use. The use of an additiona. 
coat.ng layer 16 which is substantially nonporous would permit the use of a toxic or 
poisonous base materia. 14, as mentioned above. Even if the base materia. 14 of the 
structure 1 2 is biocompatib.e, however, it may be advantageous to isolate it from the 
blood by use of a substantially nonporous coating layer 1 6. 

Other polymer systems that may find application within the scope of the 
.nvent.cn include polymers derived from photopo.ymerizab.e monomers such as liquid 
monomers preferably having at least two cross linkable C-C (Carbon to Carbon) 
double bonds and being a non-gaseous addition po.ymerizable ethy.enically 
unsaturated compound, having a boiling point above 100°C, at atmospheric pressure , 
a molecular weight of about 100-1500 and being capable of forming high molecular 
we,ght addition polymers readily. More preferably, the monomer is preferably an 
add,t,on photopolymerizable polyethylenica.ly unsaturated acrylic or methacrylic acid 
ester containing two or more acry.ate or methacry.ate groups per molecule or 
matures thereof. A few i.lustrative examples of such multifunctional acrylates are 
ethy.ene g.yco. diacry.ate, ethylene g.ycol dimethacry.ate, trimethy.o.propane' 
tnacrylate, trimethylolpropane trimethacry.ate, pentaerythritol tetraacrylate or 
pentaerythrito. tetramethacrylate, 1 ,6-hexanediol dimethacry.ate, and. 
diethyleneglycol dimethacrylate. 

Also useful in some special instances are monoacrylates such as n-butyl- 
acrylate, n-butyl methacrylate, 2-ethy.hexy. acry.ate, lauryl-acry.ate, and 2-hydroxy- 
propy. acrylate. Small quantities of amides of (meth)acrylic acid such as N-methylo. 
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m e,hacrylamide butyl ether are a,so suitable. N-viny. compounds suob as N-v,ny 
pyrroiidone, viny, esters o. aliphatic monocarboxylic acids such as vinyl oleate v,ny 
others of diols such as butanedioM . 4-divinyl ether and ally, ether and ally, ester are 
also suitable. Also included would be other monomers such as the reaction products 
5 of di- or polyepoxides such as butanedioM . 4-diglycidy, ether or bisphenol A 
digly cidy, ether with (me.Macrylic acid. The characteristics of the 
photopolymerizable liquid dispersing medium can be modified for the specific purpose 
by a suitable selection of monomers or mixtures thereof. 

Other useful polymer systems include a polymer that is biocompabble and 
, 0 minimizes irritation to the vessel wal, when the stent is implanted. The polymer may 
be either a biostab.e or a bioabsorbable polymer depending on the des.red rate of 
re ,ease or the desired degree o, polymer stability, but a bioabsorbable polymer ,s 
preferred for this embodiment since, unlixe a biostable polymer, it will no, be present 
ong after implantation to cause any adverse, chronic .oca, response. Bioabsor abe 
15 polymers the, could be used include polyMactic acid,, polycaprolac n . 
olynactide-co-glyconde,, poly.hydroxybutyrate,, ^"^'"^^ 
polydioxanone, polyorthoester, polyanhydride, polyfglycolic acd, 
acid. polyfglycolic acid-co-trimethy,ene carbonate,, polyphosphoe ter, 
owphosphoelr urethane, polylamino acids,, cyanoacryla.es, polyethylene 
2 0 calate,, poiyOminocarbonate, copoly.ether-esters, .e.g., PEO/PLA,, polya V ene 
oxalates, polyphosphazenes and biomolecules such as fibrin, 
starch, collagen and hyaluronic acid. Also, biostable polymers w,th a relabve, low 
chronic tissue response such as polyurethanea, silicones, and 
used and other polymers could also be used if they can be dissolved and cur or 
25 polymerized on the stent such as polyole.ins, polyisobutylene and ethylene 
alphaolefin copolymers, acrylic polymers and copolymers, viny, halida polymers .nd 
copolymers, such as polyvinyl chloride, polyvinyl ethers, such as po,yv,nyl methy 
el polyvinylidene halides, such as polyvinylidene fluoride and polyvmy-den 
chloride; polyacrylonitrile, polyvinyl Ketones, polyvinyl aromabcs. su h 
30 polystyrene, polyvinyl esters, such as polyvinyl acetate; copolymers of v ny 
monomers with each other and olefins, such as ethyiene-methy, methacrylate 
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copolymers. acry,oni,ri,e-s,yrene copoiymers. ABS resins, and e,hy,ene-viny, acetate 
oopolymers; polyamides. such as N y,c„ 66 and polycaprolactam; a|kyd ^ 
polycerbona.es; polyoxymethylenes; polyimides; polyethers; epoxy resins' 
polyurmhanes; reyon; rayon-triacetate; cellulose, cellulose acetate, cellu.ose butyrete- 
cellulose acetate butyrate; cellophane, cellulose nitrate; cellulose propionate; ce„u,ose 
ethers; and carboxymethyl cellulose. 

While plasma deposition and vapor phase deposition may be a preferred 
method tor applying the various coatings on ,he stent surfaces, other technics may 
be employed. For example, a polymer solution may be applied to ,he stent and the 
solvent allowed to evaporate, thereby leaving on the stent surface a coating o, the 
polymer and the therapeutic substance. TypicaUy, the solution can be applied to the 
stem by either spraying the solution onto the stem or immersing the stent in the 
solution. Whether one chooses application by immersion or application by spraying 
depends principally on the viscosity and surface tension of ,he solution, however it 
has been found that spraying in a fine spray such as that available from an airbfOsh 
w„. provide a coating with the greatest uniformity and win provide the greatest 
control over the amount of coating materia, to be applied to the stem. In either a 
coating applied by spraying or by immersion, multiple application steps ere generally 
dea,rable to provide improved coating uniformity an d improved controllers- 
amount of therapeutic substance to be applied to the stent. 

When the layer 18 of bioactive material contains a relatively soluble 
materiel such as heparin, and when the a, ieast one porous layer 20 is composed of 
parylene or a parylene derivative, the a, leas, one porous ,ayer 20 is preferably about 
5,000 to 250.000 A thick, more preferably about 5,000 to 100,000 A thick and 
op.ima.ly about 50,000 A thick. When the a, leas, one additional coating layer 16 
is composed of parylene or a parylene derivative, the at leas, one additional coating 

is preferably about 50,000 to 500 000 A iwt ™«r,> < , , 

, lu auu,uuu a thick, more preferably about 100,000, to 

500,000 A thick, and optimally about 200,000 A thick. 

When the at least one layer 18 of bioactive materia, contains a relatively 
soluble materia, such as heparin, the at .east one layer 18 preferably contains a total 
of about 0.1 to 4 mg of bioactive materia, per cm* of the gross surface area of the 
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struc tu,e 1 2. This provides a re,ease rate .or the heparin (measured in v,tro> wh, 
i, desirably in the range of 0., to 0.5 mg/cm> per day. and preferabiy about 0.25 
mg /cm> per day, under typieai biood flows through vascuia, stents. It should 
no ,ed that the solubility of dexamethasone can be adjusted as desired. w„h or 
without the inclusion of heparin, by mixing it with one or more of its relatively more 
soluble derivatives, such as dexamethasone sodium phosphate. 

As shown in FIG. 2. the device 10 of the present invention is not l,m,ted 
,o the inc.usion of a single layer 18 of bioactive materia,. The device 10 can. for 
example, comprise a second layer 22 o, a bioactive materia, posited over the 
structure 12. The bioactive materia, of the second iayer 22 can be. bu, need no 
necessarily be. different from the bioactive materia, of the first bioactive matena 
,ayer 1 8, only the, they no. be posited on the same surface o, the device 10 wrihou 
t „e intermediate porous iayer 24. The use of different materials in the layers 1 8 and 
22 allows the device 10 to perform more than a single therapeutic funcPon. 

The device 1 0 of the present invention can further comprise an additional 
porous ,ayer 24 of the polymer posited between each of .he ,ayers 18 and 22 of 
oioactive material. ,t is rei.era.ed «ha. bioactive ma.eria, 18 is on one surface of 
structure 12. The o,her surface may be free of bioactive materia, or may comprise 
one or more different bioactive ma.eria,s. The additional porous ,ayer 24 can give 
the bioactive materials in .he .ayers 18 and 22 different release rates 
Simultaneously, or alternatively, the device 10 may emp,oy bioactive .materia, nth 
two layers 18 and 22 which are different from one another and have d.fferent 
scubilities. ,n such a case, it is advantageous and preferred to position the layer 22 
containing the ,ess so.uble bioactive materia, above the layer 18 con,a,n,ng the mo 
soluble bioactive materia,. A„erna.ive,y, the bioactive material 18 may be contained 
in h0 ,es. we„s. slots end the ,ixe occurring within ,he stent surface as illustrated ,n 
FIGs 8-10 and will further be discussed in greater detail. 

' For example, when the struc.ure 12 of the device 10 is configured as a 
oscular stent, it is advantageous for the a, leas, one layer 18 to contain relapv^ 
soluble heparin, end .he second layer 22 to contain relarively less lu« 
dexamethasone. Unexpectedly, the heparin promotes the release of 
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dexamethasone. increasing its ralaasa ra,a many times ovar ,ha ralaasa rata of 
dexamethasone in ,ha absence of haparin. Tha ralaasa rata of tha haparin is also 
lowarad. somawha, iass dramaticaliy than tha incraasa of tha dexamethasone raiaasa 
rata. Mora particularly, whan daxamathasona is disposad by itsalf banaath a porous 
parylene layar 20 dimansionad as disolosad above, its raiaasa rata is negligible; an 
adequate ralaasa rata is obtainad only when tha thiokness of tha porous layar 20 is 
reduced by a faotor of tan or mora. In oontrast. whan a layar 22 o, daxamathasona 
•s d,sposad ovar a layar 18 of haparin, and banaath a porous parylana layer 20 
d,mansioned as above, the dexamethasone may be released a, a desirable rate of 
about 1 to 10 W /c m . per day. Moreover, and even more unaxpeotedly this 
.noraasad release rate for the dexamethasone is though, to be maintained even after 
all of the heparin has been released from the layer 18. 

The bioaotive material iayers 18 and/or 22 are applied to tha device 10 " 
independent of the appiioation of the porous polymer layers 20 and/or 24 Any 
m,x,ng of a bioaotive materia! from the layers 18 and/or 22 into tha porous layers 20 
and/or 24, prior to introduoing the device 10 into the vascular system of ,he patien, 
■s unrntentional and merely incidental. This gives significantly more control ove'r the ■ 
release rate of the bioaotive material than the simple dispersal of a bioaotive material- 
in a polymeric layer. 

The device 10 need not include the additional porous layer 24 when two 
or more layers 1 8 and 22 of bioaotive materia, are present. As shown in FIG. 3 the 
layers 18 and 22 do not have to be separated by a porous layer, but can instead lie 
d,rectly against one another. It is still advantageous in this embodiment to position 
the layer 22 containing the relatively less solub.e bioaotive material above the layer 
18 containing the relatively more soluble bioactive material. 

Whether or not the additional porous layer 24 is present, it is preferred that 
the layers 18 and 22 contain about 0.05 to 2.0 mg of each of heparin and 
dexamethasone, respectively, per 1 cm* of the gross surface area of the structure 
1 2. The total amount of bioactive material posited in the layers 1 8 and 22 over the 
structure 12 is thus preferably in the range of about 0.1 to 10 mg/cm*. 
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Some dexamethasone derivatives, such as dexamethasone sodium 
phosphate, are substantially more soluble than dexamethasone itself. If a more 
soluble dexamethasone derivative is used as the bioactive material in the device 10 
of the present invention, the thickness of the at least one porous layer 20 (and of the 
additional porous layer 24) should be adjusted accordingly. 

The particular structure of the device 10 as disclosed may be adapted to 
specific uses in a variety of ways. For example, the device 10 may include further 
layers of the same or different bioactive materials. These additional layers of 
bioactive material may or may not be separated by additional porous layers, as 
convenient or desired. Alternatively, additional porous layers may separate only 
some of the additional layers of bioactive material. Moreover, one bioactive material 
may be placed on one portion of the structure 12 of the device 10, and another 
bioactive material placed on a different portion of the structure 12 of the device 10. 

Alternatively, the device 10 need not include the additional coating layer 
16 at all. Such a configuration is shown in FIG. 4, in which the bioactive material 
layer 1 8 is posited directly atop the base material 1 4 of the structure 1 2. In such a 
case, it may be highly advantageous to surface process or surface activate the base 
material 14, to promote the deposition or adhesion of the bioactive material on the 
base material 1 4, especially before the depositing of the at least one porous layer 20. 
Surface processing and surface activation can also selectively alter the release rate 
of the bioactive material. Such processing can also be used to promote the 
deposition or adhesion of the additional coating layer 16, if present, on the base 
material 14. The additional coating layer 1 6 itself , or any second or additional porous 
layer 24 itself, can similarly be processed to promote the deposition or adhesion of 
the bioactive material layer 1 8, or to further control the release rate of the bioactive 
material. 

Useful methods of surface processing can include any of a variety of such 
procedures, including: cleaning; physical modifications such as etching, drilling, 
cutting, or abrasion; and chemical modifications such as solvent treatment, the 
application of primer coatings, the application of surfactants, plasma treatment, ion 
bombardment and covalent bonding. 
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It has been found particularly advantageous to plasma treat the additional 
coating layer 16 (for example, of parylene) before depositing the bioactive material 
layer 18 atop it. The plasma treatment improves the adhesion of the bioactive 
material, increases the amount of bioactive material that can be deposited, and 
allows the bioactive material to be deposited in a more uniform layer. Indeed', it is 
very difficult to deposit a hygroscopic agent such as heparin on an unmodified 
parylene surface, which is hydrophobic and poorly wettable. However, plasma 
treatment renders the parylene surface wettable, allowing heparin to be easily 
deposited on it. 

Any of the porous polymer layers 20 and 24 may also be surface 
processed by any of the methods mentioned above to alter the release rate of the 
bioactive material or materials, and/or otherwise improve the biocompatibility of the 
surface of the layers. For example, the application of an overcoat of polyethylene 
oxide, phosphatidylcholine or a covalently bound bioactive material, e.g., covalently 
attached heparin to the layers 20 and/or 24 could render the surface of the layers 
more blood compatible. Similarly, the plasma treatment or application of a hydrogel 
coating to the layers 20 and/or 24 could alter their surface energies, preferably 
providing surface energies in the range of 20 to 30 dyne/cm, thereby rendering their 
surfaces more biocompatible. 

Referring now to FIG. 5, an embodiment of the device 10 is there shown 
in which a mechanical bond or connector 26 is provided between (a) any one of the 
porous layers 20 and 24, and (b) any or all of the other of the porous layers 20 and 
24, the additional coating layer 16 and the base material 14. The connector 26 
reliably secures the layers 1 6, 20 and/or 24 to each other, and or to the base 
material 1 4. The connector 26 lends structural integrity to the device 1 0, particularly 
after the bioactive material layer or layers 18 and/or 20 have been fully released into 
the patient. 

For simplicity, the connector 26 is shown in FIG. 5 as a plurality of 
projections of the base material 14 securing a single porous layer 20 to the base 
material 14. The connector 26 may alternatively extend from the porous layer 20, 
through the bioactive material layer 18, and to the base material 14. In either case, 
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a single layer 18 of bioactive material, divided into several segments by the 
connector 26, is posited between the porous layer 20 and the base material 14. The 
connectors can also function to partition the different bioactive agents into different 

regions of the device's surface. 

The connector 26 may be provided in a variety of ways. For example, the 
connector 26 can be formed as a single piece with the base material 14 during its 
initial fabrication or molding into the structure 12. The connector 26 can instead be 
formed as a distinct element, such as a bridge, strut, pin or stud added to an ex.st.ng 
structure 12. The connector 26 can also be formed as a built-up land, shoulder, 
plateau, pod or pan on the base material 14. Alternatively, a portion of the base 
materia. 14 between the desired locations of plural connectors 26 may be removed 
by etching, mechanical abrasion, or the like, and the bioactive materia, layer 18 
deposited between them. The connector 26 can also be formed so as to extend 
downwards towards the base material 14, by wiping or etching away a port.on of a 
previously applied bioactive materia, layer 18, and allowing the porous layer 20 to 
deposit by vapor deposition or plasma deposition directly on the bare portions of the 
base material 14. Other ways to expose a portion of the base materia. 14 to d.rect 
connection to the porous layer 20 will be evident to those skilled in this area. 

In another preferred embodiment, as illustrated in FIGs. 6A, 6B and 7, a 
bioactive materia. 18 is posited on the one surface of base materia. 14 making up 
structure 12 in FIG. 6A. FIG. 7 shows a stent 10 in its flat or planar state pr.or to 
being coiled and showing porous layer 20 applied to its outermost surface. FIGs. 6A 
and 6B are section views along line 6-6 of FIG. 7. The bioactive material 1 8 pos.ted 
on the one surface of base material 14 in FIG. 6A may be a number of d.fferent 
therapeutic and/or diagnostic agents. For example, the device 10 may be a stent 
which is placed in the body of a patient near a tumor to deliver a chemotherapeut.c 
agent, such as tamoxifen citrate or Taxol®, directly to the tumor. A porous layer 20 
is posited over the bioactive material 18 to provide a smoother surface as we., as a 
more controlled release of the bioactive materia. 1 8. As further illustrated in FIG. 6A, 
the opposite surface of the device may have, for example, heparin 18' cova.ent.y 
bonded to porous layer 20, particular.y where this surface faces, for examp.e, the 



WO 98/17331 _ 

PCT/US97/19188 

- 28 - 

lumen of a blood vessel, to provide antithrombotic effect and blood compatibility 
It is pointed out, as has been discussed herein, a third but different bioactive material 
may be posited (not shown) on the opposite surface of base materia. 14 from the 
first bioactive material 1 8 and on the same side of base materia. 1 4 as the cova.ent.y 
bound heparin or any other bioactive material including other cova.ent.y bound 
b,oactive material and separated by porous layer 20. Such a bioactive materia, can 
be silver either posited on or impregnated in the surface matrix of porous layer 20. 

A variation of the embodiment shown in FIG. 6A is illustrated in FIG 6B 
where two bioactive materials 18 and 18' are posited on the same surface of base 
materia. 14 of structure 12. A porous layer 20 may be deposited over the bioactive 
materials 18 and 18' as well as the bioactive-materia.-free surface of based materia. 
14. This embodiment illustrates a situation where it may be desirable to deliver two 
agents to the tissue to which the particular surface of device 10 is exposed, e.g., an 
antiinflammatory agent and an antiviral agent. Moreover, the opposite surface of the 
device free of bioactive material is available for positing one or more bioactive 
materials or therapeutic agents, e.g., an antithrombotic agent or silver. 

As has been previously discussed, multiple layers of bioactive materials 
and porous layers may be applied to the device 1 0 where the limiting factors become 
the total thickness of the device, the adhesion of multiple layers and the like. 

In still another embodiment of the present invention, the device of the 
present invention includes apertures within the device for containing the bioactive 
material. This embodiment is illustrated in FIGs. 8, 9, 10A, 10B, 10C and 10D. FIG. 
8 shows an arm of the stent of FIG. 7 wherein the arm includes holes 28 into which 
a bioactive material is contained. FIG. 9 shows a section of the arm of the stent 
along lines 9-9 of FIG. 8. Bioactive material 18 is contained within the hole 28 
where the base material 14 contains coating 16 and further where porous layer 20 
forms the outer most layer for the bioactive material 18 to diffuse through. In an 
alternative embodiment, wells 28' may be cut, etched or stamped into the base 
material 14 of the device in which a bioactive material 18 may be contained. This 
embodiment is illustrated in FIGs. 10A, 10B, 10C and 10D which are sectional FIGs 
taken along .ine 10-10 of FIG. 8. The wells 28' may also be in the form of slots or 
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grooves in the surface of the base material 14 of the medical device. This aspect of 
the invention provides the advantage of better centreing the total amount of the 
bioactive materia, 1 8 to be released as well as the rate at which i, is released. For 
example, a V-shape well W. as illustrated in FIG. 10D, will contain .ass quanfty of 
bioactive material 18 and release the material at geometric rate as compared to a 
square shaped well 28', as illustrated in FIG. 10B, which will have a more unrform, 

linear release rate. 

The holes, wells, slots, grooves and the like, described above, mav be 
formed in the surface of the device 10 by a variety of techniques. For example, such 
techniques include drilling or cutting by utilizing lasers, electron-beam machin.ng and 
the like or employing photoresist procedures and etching the desired apertures. 

All the bioactive materials discussed above that may be coated on the 
surface of the device 10 may be used to be contained within the apertures of th,s 
aspect of the invention. Likewise, layers of bioactive materials and porous layers 
rosy be applied and built up on the exterior surfaces of the device as descnbed 
previously with regard to other aspects of the invention, e.g., heparin, may be 
covalently bound to one surface of the device illustrated in FIG. 9. 

The method of making the device 10 according to the present ,nvent,on 
may now be understood. In its simplest form, the method comprises the steps of 
depositing the a, least one layer 18 of bioactive materia, over the structure 12, 
followed by depositing the a, .east one porous ,ayer 20, preferably by vapor 
deposition or p.asma deposition, over the at .east one bioactive matena, ,ayer 1 8 on 
the one surface of structure 1 2. The at least one porous layer 20 being composed 
of a biocompatible polymer and being of a thickness adequate to provide a controlled 
re,ease o, the bioactive materia,. Preferably, the at least one additional coabng ayer 
16 is first posited by vapor deposition directly on the base matanal 14 of the 
structure 12. Such deposition is carried out by preparing or obtaining di-p-xylylene 
or a derivative thereof, sublimating and cracking the di-p-xy,ylene or derivafve to 
yield monomeric p-xy,y.ene or a monomeric derivative, and allowing the monomer to 
simultaneously condense on and polymerize over the base materia, 14 The 
deposition step is carried out under vacuum, and the base matena, 14 ma,n,a,ned a, 
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or near room temperature during the deposition step. The deposition is oarried out 
.n ,he absenee of any soiven, o, catalyst for the pofymer. and in the absence of any 
other action to aid polymerization. One preferred derivative for carrying ou, the 
deposition step is dichloro-di-p-xy,y,ene. The paryiene or pary.ene derivative is 
preferably appiied a, the thickness disc,osed.above; to yield a coating layer 1 6 which 
.s substantially nonporous. bu, in any event less porous than the at least one porous 
layer 20 ,o be applied. If required by the composition of the coating iayer 1 6 the 
layer 1 6 is then surface processed in an appropriate manner, for example, by plasma 
treatment as disclosed above. 

The a, leas, one layer 1 8 of the desired bioactive material or" materiaVis 
then appiied to the one surface of the structure 12. and in particular, onto the 
eddrtiona, coating layer 16. This application step can be carried ou, in any of a 
var,e,y of convenien, ways, such as by dipping, rolling, brushing or spraying a fluid 
mrxture of ,he bioactive material omo the additional coating !ayer 16 or by 
e.eo,ros,a,ic deposition of ei,her a fluid mixture or dry powder o, the bioactive 
ma,er,a,. or by any other appropriate method. Oifferen, bioactive agen,s may be 
applied ,o different sections or surfaces of the device. 

I, can be particularly convenient ,o apply a mixture of the bioactive 
material or materials and a voiatile fluid over ,he s,ruo,u,e. and men remov«he w 
<n any suitable way. for example, by a.,owing i, ,o evaporate. When heparin and/or 
dexamethasone or its derivatives serve as the bioactive ma,eria.,s), the fluid is 
preferably e,hy, a.cohol. The bioactive ma,eria, is preferably appiied in an amoun, as 
disclosed above. 

Other methods of depositing the bioactive material layer 18 over the 
structure 12 would be equally useful. Without regard ,o the method of application 
however, what is important is that the bioactive material need only be physically held 
m place until the porous layer 20 is deposited over it. This can avoid the use of 
earners, surfactants, chemical binding and other such methods often employed to 
hold a bioactive agent on other devices. The additives used in such methods may 
be ,ox,c, or the additives or methods may alter or degrade the bioactive agent 
rendering i, less effective, or even toxic itself. Nonetheless, if desired these other 
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m e,hods may also be employed to deposit the bioaotive material layer 18 of the 
present invention. 

The bioaotive materia, may, of course, be deposited on the one surfeoe of 

the structure 1 2 as a smooth film or as a layer of partiCes. Moreover, multiple but 

different bioaotive materials may ba deposited in a manner that different surfaces of 

,ne device contain the different bioaotive agents. In the latter case, the part.cle s,ze 

m ay af.ec, the properties or characteristics of the device 1 0, such as the smoothness 

o, ,he uppermost porous coating 20, the profile o, the device 10, the surface area 

0 ve, which the bioaotive material layer 18 is disposed, the release rate of the 

hioactive material, the formation o, bumps or irregularities in the bioaotive matena, 

layer ,8, the uniformity and strength of adhesion of the bioaotive materia, layer 8, 

and other properties or characteristics. For example, i, has been usefu, to employ 

mioronized bioaotive materials, that is, materials which have been processed to a 

sm a,, particle size, typically less than 10,m in diameter. However, the b,oac,,ve 

m a,er,a, may a,so be deposited as microencapsu.a,ed panicles, drspersed 

liposomes, adsorbed onto or absorbed into small carrier particles, or the hke. 

,n sti.l another embodiment according to the present inventron, the 

bi0 active materia, may be posited on the one surface of structure ,2 in a speoifrc 
geometric pattern. For e X amp,e, the tips or arms of a stent may be free of ,oac ,v 
material, or the bioaotive materia, may be app,ied in para„e, ,ines, part,ou,ar,y where 
two or more bioaotive materials are applied to the same surface. 

in any event, once the bioaotive materia, ,ayer 1 8 Is in piece, the at least 
one porous ,ayer 20 is then applied over the a, leas, one bioaotive materia, layer 18 
in the same manner as for ,he app,ica«on o, ,he a, leas, one additional coa ,n g^ 
A polymer such as parylene or a pary,ene derivative is app„ed a, the lesser threes 
disclosed above, however, so as to yield the a, ,eas, one porous layer 20. 

Any other layers, such as the second bioaotive matena, layer 22 or 
additional porous ,ayer 24, are applied in the appropriate order and in the same 
manner as disclosed above. The steps o, the method are preferably earned ou, w„h 
any of the bioaotive material structures, and base materia* disCosed above. 
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Of course, polyimide may be deposited as any or all of the porous and 
additional coating layers 20. 24 and/or ,6 by vapor deposition in a manner similar 
to «ha, diseased above for paryiene and its derivatives. Techniques for the plesma 
deposition of polymers such as po,y,e,hy,ene oxide,. po,y,e,hy,ene glycol, 
polypropylene oxide,, silicone, or a polymer o, methane, tetrafluoroYthylene or 
.etramethyl-disiloxane on other objects are well-known, and these techniques may 
be useful in the practice of the present invention. " ' " 

Another technique for controlling ,he release of the bioactive material may 
include depositing monodispersed polymeric particles, i.e., referred ,o as porogens 
on the surface of the device ,0 comprising one or more bioactive ma,eria,s prior to 
deposition of porous layer 20. After the porous layer 20 is deposited and cured, the ■ 
porogens may be dissolved away with the appropriate solvent, leaving a cavtty or 
pore ,n the outer coating to facilitate the passage of the underlying bioactive 
materials. 

The method of using the device 10 of the present invention in medically 
treating a human or veterinary patient can now be easily understood as well The 
method of the present invention is an improvement over previous methods which 
include the step of inserting into a patient an implantable vascular device 10 the 
dev,ce 10 comprising a structure 12 adapted for introduction into the vascular 
system of a patient, and the structure 12 being composed of a base material 14 
The method according to the present invention comprises the preliminary steps of""" 
depositing a, leas, one layer 18 of a bioactive materiel on one surface of the 
structure 1 2, followed by depositing a. leas, one porous layer 20 over ,he a, leas, 
one bioactive material layer ,8, ,he porous layer 20 being composed of a polymer 
and havmg a thickness adequate ,o provide a controlled release o, the bioactive 
material when the device 10 is positioned in ,he patient's vascular system. 

The method can further entail carrying ou, the ,wo depositing steps with 
the various embodiments of the device 10 disclosed above, in accordance with the 
method of making the device 10 disclosed above. More particularly, the step of 
depositing the a, least one porous layer 20 can comprise polymerizing ,he a, leas, 
one layer 20 from a monomer vapor, preferably a vapor of paryiene or a paryiene 
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derivative, .ree o. any solvent or catalyst. The method oan a,so comprise the step 
o« depositing the at least one additional coating layer 16 between the structure 12 
and the at least one bioactive meterial layer 1 8. 

The method of treatment according to the present invention is completed 
by inserting the device 10 into the vascular system of the patient. The a. least one 
porous layer 20 and any additional porous layers 24 automatically release ,he 
bioactive materia, or materials in a controlled fashion into the patient. 

The remaining details of the method of medical treatment are the same as 
those disclosed with respect to the method of making the device 10 of the present 
invention; for the sake of brevity, they need not be repeated here. 

,n view of the disclosure above, it is clear that the present invention 
provides an implantable medical device which achieves precise control over the 
release of one or more bioactive materials contained in the device. Moreover, the 
polyimide, pary.ene, parylene derivative or other polymeric layers 16, 20 and/or 24 
can be remarkably thin, in comparison ,o the thicknesses required for other polymer 
levers The bulk or substantiel majority of the overall coating on the structure 1 2 can 
therefore consist o, bioactive materia,. This allows the supply of reletively large 
quantities of bioactive materia, to the patient, much greater than the amounts 
supplied by prior devices. These quantities of bioactive materiel oan be supphed to 
any of a wide variety of locations within a patien, during or after the performance of 
a medical procedure, but are especially useful for preventing abrupt closure and/or 
restenosis of a blood vessel by the delivery of an antithrombic or other mediation 
to the region of it which has been opened by PTA. The invention permits the release 
ra ,e of a bioactive materia, to be carefully controlled over both the short and long 
terms. Most importantly, any degradation of the bioective material which m,gh, 
otherwise occur by other polymer coating techniques is avorded. 

The other details of the construction or composition of the venous 
e,ements of the disdosed embodiment of the present invention are no, believed to 
be critical to the enlevement of the advantages of the present invention, so long as 
the elements possess the strength or flexibility needed for them «o perform as 
disclosed. The selection of these and other details of construction are beireved to be 
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well within the abi.ity of one of ordinary skills in this area, in view of the present 
disclosure. 

j 

Furthermore and advantageously, silver can be used alone, as a coating, 
■n combination with other carrier, drug or medicament materials, as one of of posited 
on several other layers of materials, and with base materials that are used to improyi 
the adhesion of silver to any other carrier, drug, medicament or base materia. 
Advantageously, silver can be ion beam bombarded or implanted to provide a specific 
surface energy density in the preferred range of 20 to 30 dynes per centimeter In 
th,s particular range, not only is the antiproliferative effect of .he stent or device 
enhanced but the outer surface of the stent or device is resistant to the formation of- 
thrombus, fungus, bacteria, and encrustations thereon. Silver coatings- 
•mplantations, impregnations or dispersions having a thickness in the range of about 
1 x 10* cm to about 1.5 x 10* cm, preferably in the range of about 3 x 10* cm to 
about 1.25 x 10* cm and most preferably a thickness of about 3x10 = cm are 
contemplated dependent on the thickness of the base materia, or intermediate layers 
thereon. The silver, silver alloys, or silver ions can be deposited as a continuous 
layer on the base material or on a coating over the base material. Alternatively the 
s.lver, silver ions and/or silver alloys can be implanted or impregnated into the surface 
matrix of the base materia, or a coating on the base material or any of the several - 
other .ayers of materia.. Stents or other implantable medical devices using a b^T % 
materia, with a silver coating deposited directly thereon is one 'example of a coa^ng " 
configuration. Another configuration of the stent is to include a base material with 
a coating of a carrier or dispersant materia, such as pary.ene positioned thereon or 
therein along with a coating, deposition, impregnation, or implantation and the like 
thereon is also contemplated. Another configuration of the silver stent can include 
a base material with alternating layers of a carrier material, silver, drug or 
medicament is also contemplated. Various recesses or cavities included in the 
surface or made part of the stent or implantable medical device are also contemplated 
and included with the silver device. It should be recognized that above described 
methods and thicknesses of deposited and/or implanted silver, silver ions and/or 
s.lver alloys will result in a bioactive effective amount of silver. Depicted in FIG 1 1 



9817331A1J_> 



_ PCTAJS97/19188 

WO 98/17331 



35 - 



is endovascular stent 29, which is commercially known as the Gianturco-Roub.n I and 
available from Cook Incorporated. Bloomington. Indiana. This stent is described ,n 
detail in U S. Patent No. 4.907,336, which is incorporated herein by reference .n rts 
entirety. Endovascular stent 29 is a balloon expandable stent and is formed from a 
single strand of cylindrical stainless steel wire 33 having a wire diameter 30 ,n the 
renge of .002 inches «o .030 inches. The typical wire diameter of the stent ,s .010 
inches The stent is shown in an expanded condition which can range ,n overall 
diameter 31 from 2 to 20 mm with a typical diameter of 4 mm. The overall length 
32 of the stent is in the range of 10 to 60 mm with a typical length of 26 mm. 

FIG 1 2 depicts en enlarged cross-seotionel view of stent wire 33 of stent 
29 of FIG 1 1 Stent wire 33 is formed of a base material such as medical grade 
stainless steel 34 with carrier layer 35 of for exemple parylene and a layer of s.lver 
36 posited thereover. The silver coating layer 36 is applied using a SpiArgen, 
process commercially available from the Spire Corporation of Bedford. Majs. 
Providing the stent wire with a particular surface energy density such as, for 
example, in the 20 to 30 dyne per centimeter range is described in U.S. Patent 
5 289 831 which is incorporated herein by reference in its entirety. 

Alternatively, stent wire 33 can include a base material of, for example, 
stainless steel with the silver layer deposited directly on the outer surface of the base, 
materiel. The stainless steel wire with silver thereon is deposited usrng an 
electroplating process. This is only one of several deposition or plating processes 
con,emp.ated. Vapor deposition, sputtering or ion beam deposition or implantatron 
is also contempleted. A base material of tantalum, copper, or any of the here.n 
described polyme, or copolymer materials are also induded. The stent base material 
is then silver coated or aiternative.y, ion beam bombarded. The base material can 
also include a 50/50 mixture of silver and copper. Silver bearing solder of for 
exemple, 70% silver. 15% copper, and 15% zinc can also be applied to one of the 
contemplated base materia* to supplement the antiproliferative effect. 

In a second elternative embodiment, the stent wire can be made of pure 



silver. 
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FIG. 13 depicts stent 29 of FIG. 11 in a collapsed arrangement around 
balloon 37 of balloon catheter 38. 

FIG. 14 depicts stent 29 of FIG. 1 3 in an expanded condition after 
delivery balloon 27 has been inflated by, for example, an attending physician. • 

FIG. 1 5 depicts another embodiment of silver implantable vascular stent 
39. The base material of the stent is known as the Gianturco-Roubin II vascu.ar 
stent avai.ab.e through Cook .ncorporated of B.oomington, Indiana. This stent is 
typ.ca..y etched from a flat sheet of materia, such as stainless steel or any other of 
the base materials described herein. This balloon expandable stent Is- described in 
U.S. Patent No. 6,632,771, which is incorporated herein by reference. In a first 
configuration, this balloon expandable stent 39 is formed of pure silver having a 
th.ckness in the range of .002 inches to .01 5 inches with a typical thickness in the 
range of .003 inches to .006 inches. The waveform .egs 40 have a width of 
approximately .003 inches to .030 inches. Although shown in the collapsed 
pos,t,on, the overall diameter 41 in the expanded position is 2 to 20 mm having a 
typ.cal diameter of 4 mm. The overall length 42 of stent 39 is in the range of 10 to 
60 mm with a typical length of 25 mm. Stent 39 includes radiopaque marker of? for 
example, gold positioned at the end of longitudinal reinforcing member 43 The 
sheet from which stent 39 is etched is formed from the following base materials 
coatmgs, medicament drug and/or carrier materials. In one configuration, the sheet, ~ 
•s formed from pure silver. In a second configuration the sheet is formed with a base 
material of stainless steel with silver electroplated thereon. Ion beam deposition 
sputtering or other ion beam deposition techniques are contemplated when the - 
Plating thickness approximates the 3,000 Angstrom thickness. This second 
configuration is depicted in FIG. 16 in which a cross-sectional view is provided of 
waveform leg 40. Base materia. 44 of, for example, silver is shown with a layer or 
coating of silver 45 deposited thereon. 

In a third configuration of stent 39, the stent is etched from a base 
material of, for example, stainless steel or other base materials described herein. 
FIG. 17 depicts a cross-sectional view of waveform leg 40 with base material 44 
with carrier layer 46 and silver layer 45 deposited over the carrier and base layers 
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Parylene carrier layer 46 is applied, for example, using the SpiArgen, process as 
previously described. Although the base material has been previously descnbed es 
preferably staimess steel, tantalum as well as any of the polymer or copolymer 
materials are also contemplated. 

,n a fourth configuration of stent 39 the stent is etched from a base 
material 44 as previously described or contemplated. Deposited on base material 44 
of waveform leg 40 are alternating layers of sifver 45 and intermediate .ayers 47 end 
48 of, for example, carrier materials such as parylene, drug or medicament matenals 
as previous* described herein. Recesses or coatings can be applied as depicted ,n 
previously described FIGs. 1-100. In this manner, various combinations of 
effectiveness of antiproliferative silver can be used in combination with other 
materials to provide desired combinational effects. 

FIG 19 depicts a side view of self-expanding endovascular stent 49 
commonly referred to a T stent commercially available from Cook Incorporated of 
Bloomington, Indiana. This stent is fully described in U.S. Patent No. 4,580,568 
which is incorporated herein by reference in its entirety. This self-expanding stent 
is formed from cylindrical wire 50 and ben, into a zig-zag pattern and into a tubular 
form Wire 50 has a wire diameter in the range of .004 inches to .020 inches w,th 
a typical diameter of .0, 2 inches. The overall length 51 of Z stent 49 ranges from 
2 to 5 cm with a typical length of 2.5 cm. 

PIG 2 o depicts an end view of Z stent 49 of FIG. 19. The tubular 
configuration of this Z stent is shown with an outer diameter 52 in the range of 5 to 
40 mm with a typical 1 2 mm diameter. 

FIG 21 depicts Z stent 49 of FIG. 19 in blood vessel 53. The base 
material of this self-expanding stent comprises, for example, a spring temper 
stainless stee, such as series 304 or 31 6 plated with silver as previously descnbed. 
Alternative layers of carrier materia, along with drugs or medicaments are a so 
contemplated as previously described. The base materia, can also comprise a nrckel- 
titanium a,,oy such as Nitino, which is available from the Raychem Corporate of 
Menlo Park, California. 
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FIG. 22 depicts another embodiment of endovascular stent 54 which is 
described in detail in U.S. Patent No. 4,733,665 and Reexamination Certificate 81 
4,773,665. Reference to this patent is incorporated herein in it entirety. Stent 54 
■s typically formed from a tube of stain.ess steel materia, with a plurality of slits 55 
cut in the tubular wall. This stent is delivered on a balloon catheter and expanded 
at the desired vascular site. The base materials, silver plating and/or carrier, drug or 
med.cament materials are also contemplated as previously described. 
Experiments §mdy 

A Comparison of Standard and Silver Coated GRII Stents 
in Normal Porcine Coronary Arteries 

Introduction 

The objective of this study was to compare standard GRII stents to GRII 
stents coated with elementa. silver (Spire Argent I, 3,000 A nominal thickness, ion 
•mplanted silver (Spire Argent II, standard Spire dose and ion implanted silver plus 
adsorbed/absorbed silver nitrate (Spire Argent II.) standard Spire dose, under 
conditions simulating the intended use of coronary stents. 
Procedure 

Domestic pigs, approximately 30 kg, were used in this study Each pig 
received a single 3x20 mm stent, deployed at a balloon/artery ratio of approximately 
.2, ,n the left anterior descending coronary artery. The pigs were foU^edfor one 
month after stent implantation. " -~ . 

The pigs were fed a standard high fiber diet without lipid or oholesterol 
supplementation. For antiplatelet effect, each pig was administered approximately 
325 mg aspirin and 250 mg ticlopidine daily, starting at least two days prior to 
surgery and continuing until the end of the study. Each pig was also administered 
approximated ,0,000 units heparin during stent implantation and approximately 
10,000 units heparin during follow-up angiography. No other antiplatelet agents or 
anticoagulants were given. 

Angiograms were recorded before stent implantation (pre-stentl 
rmmediately after stent implantation (post-stem) and after the one month follow-up 
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period. Quantitative coronary angiography (QCA) measurements were performed to 
determine the percent diameter stenosis <%DS> of each stented artery. 



ReSUl,S Twenty (20) standard GRll stents. 1 0 Argen. . coated stents. 1 0 Argent 
,1 coated stents and 10 Argent III coated stents were implanted in 50 pigs. The 
subacute mortality (within 24 hours following stent imputation) was 3/20 w,th the 
standard GRll. 2/10 with Argen, I, 3/10 with Argent I. and 3/10 with Argen, The 
,es, of ,he animals survived until the one month follow-up. 

The quantitative coronary angiography data are summarized ,n Table 1. 

There was a trend toward reduction in %DS for each of the silver groups compared 

to control, with the Argent II group reaching statistical significance a, p = 0.0W. 

When pooled, the silver coated stent groups also exhibited significantly less *DS 

than control at p = 0.031 . 




industrial A pplicability . 

Z present invention is useful in the performance of vascular surgrca, 

procedures, and therefore finds applicability in human and veterinary med.cne. 

„ is ,o be understood, however, that the above-described device ,8 merely 
en Ulustrative embodiment o, the principies of this invention, and the, Cher devices 

departing from the spirit and scope of the invention. ,« is elso to be understood t a 
the invention is directed to embodiments both comprising and consrsbng of the 
disclosed parts. It is contemplated that only par, o, a device need be coated. 
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Furthermore, different parts of the device can be ooated with different bioacive 
materials or coating iayers. „ is also contemplated that different sides or regions o, 
the same part of a device can be coated with different bioacive materials or coating 
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Claims 

! An implantable medical device (10), comprising: 

a structure (12) adapted for introduction into a patient, the structure (1 2) 

beina composed of a base material (1 4); 

a. .east one layer (18) of a bioactive materia, posited on a. .east one 

surf aca „ tHe = e ,m ^ ^ ^ _ ^ ^ ^ , ayef 
and composed o. a poiymer to provide a controlled reiease of the bioactive mater^ 

^ an antiproliferative agent selected from the group consisting essentially 

of a.ementa, s«ve , si.ver alioys, silver ions, and other silver contains matene s 
rnddTn or on at leas, one of said base materia,, said bioactive matena, and se,d 

ST"' The device (1 0) according to claim 1 . wherein the a, least one porous layer 

1201 is one polymerized from a catalyst-free monomer vapor. 

,20. ,s one to da . m 1 where . n the po|ymer is se|ected from 

L aroUP HtZ essentially of a polyamide. polymers of parylene or derivahves 
T 7 oolvTetCene oxide), poly(ethy,ene glyco,), polypropylene oxide,, s.l.cone 
t££SZt£~ - — — hylene or tetramefhyldisiloxane 
or a polymer derived from photopolymerizeable monomers. 

" The device , 1 0, eccording to claim 3, wherein the thickness of the at least 

. w „ /9 n\ io about 5,000 to 250,000 A. 
ST """C -e ^according to Cairn , further comprising at least one 
IddKiona, coating iayer ,1 6, between the structure ,1 2, and the at .east one b,oact,ve 
materia, ,ayer ,1 8, ^ ^ ^ m ^ ^ ^ Qne a , 

Ling layer 0 6, is ,ess porous than, bu, composed o, the same or different poiymer 

L group consisting essentially o, polyamide. polymers of parylene - «~ 
!k M or a oolymer derived from photopolymerizable monomers of b.sphenol A 
S££TST-*. acid or methacrylio acid, and the at leas, one addit.onal 

configured as a vascular stent. 
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Lf 7^ d ? ViCG (10) aCC ° rding t0 C ' aim 1 ' Wherein structure (12) is 

graft m comb.nat.on w.th a stent, heart valve, an orthopedic device appliance 
■mplant or replacement, or portion thereof; or a portion of any of these 

bioco m pa2 e aCC ° rdinS t0 C ' aim 1 ' " - baSe ~ . „4, is 

11. 



the s,rucje7l T , h aC °° 9 ,0 C ' aim 1 °' WhSrein ,he base ~' » 4 > °< 
QoM. plmmum, mconel. indium, silver, tungsten, or another biocompatibie me,a, o 
alloys o, any of these; carbon or carbon fiber; celiuiose acetate, cellules Tntr ,e 
s^one polyethyiene ,eraph,ha,a,e. poiyurethane, polyamide. polye ' 
poiyorthoastar, polyanhydride. poiyether suifone, polycarbonate, polypr^y^h g h 
molecular weight polyethylene, polytetrafluoroethylene. or ano her biool at 1 
polymenc ntatenal, or mixtures or copolymers thereof; polylactic acid, polyg^ol c 
a d or copolymers thereof, a polyanhydride, poiycaprolactone, 
valerate or another biodegradable polymer, or mixtures or copolymers of these a 

' ~' ** ' — — ic agents 

12 The device (10) according to claim 1, wherein the bioactive material 

h,rud,n. h,ru,og, argatroban, D-phenyialanyl-L-poly-L-arginy, ohloromethyl ketone o 
another antithrombogenic agent, or mixtures thereof; urokinase, streptoktase a 

i roM 3 " 3C,iVa,0r ' " an ° ,her ^ <* ^™ thareo" 

oxTde a ni ric 8 T^"^ * ^ — - a nitrate, nitric 

an lio, Pr ° m0,er " an ° ,her VaS0d " 3,0r; an -'-icrobia, agen, or 

an b,o„c; aspmn, „c,opidine, a glycoprotein Nb/INa inhibitor or another inhibitor of 

n m ,ofi c COPr ° ,e : raCaP,0rS ' ° r an ° ther an,iPla,ete, afle " t: COlch -™ - -»*- 

or anlh " * ^ "'^ ,DMS °>' a 

Lod ~<*"V agent; cytochalasin or another acin inhibitor; or , 
remode ng ,nh,b„or; deoxyribonucieic acid, an antisense nucleotide or another agen ' 

n ioTo if imerVen,i ° n: me,h0trexa " - =-ther antime.aboii.e or 

an. prol,fera„ve agen,; tamoxifen citrate, Taxo,® or derivatives thereof, or other 

ohosoH n r r H C aPeU,iC a9emS: d °*™*— ■ dexamethasone sodium 

Phosphate, dexamethasone acetate or another dexamethasone derivative, or another 

n Te Star ° id ° r n ° n - S,er0idal °"™~y auent; cyclosporin or 

another ,mmunosuppress,ve agen,; ,rapidal (a PDGF antagonist), angiogenin, 
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angiopeptin (a growth hormone antagonist), a growth factor or an anti-growth factor 
or another growth factor — ^—5: 
pergolide mesylate or another dopamine agonist; Co, Ir, P. In, 
anler radiotherapeutic agent; iodine-containing compounds, bar,um-con«,™ g 
compounds, grid, tantalum, piatinum, tungsten or another heavy me.aunct.onng _ 
Z a radiopaque agent, a peptide, a protein, an enzyme, en extractor ma nx 
component a ceUu.er component or another biologic agent; captopr,,, enalapr,, o 
anoTer angiotensin convening enzyme (ACE) inhibitor; ascorbic acd, alpha 
tocopherol, -peroxide oismutase, deferoxamine, a 21 -amino ceroid (lassroid, or 
another free radical scavenger, iron chelator or antioxidant; a C-, H- ,-. 
Cadiolabened form or other radiolabeled form of eny o, the foregoing; estto^n 
„ r another sex hormone; AZT or other antipolymerases; acyclovir, famciclovir 
rimantadine hydrochloride, ganciclovir sodium or other an„v,ra, agents, 
5 aminol vulinic acid, meta-tetrahydroxyphenylchlorin, hexadecafluoro z,nc 
X !T.e.— hematoporphyrin, rhodamine 1 23 or Cher photodynamic 
theretv agents- en ,gG2 Kappa antibody against Pseudomones aeruginosa exotoxin 
TZ 2 Z : with A431 epidermoid carcinoma cells, monoclonal antibody age,. 
The noradrenergic enzyme dopamine be.a-hydroxylase conjugated to saponnor * 
antibody targeted therapy, agents; gene therapy agents; and enalapr,, and other 
prodrugs, or a mixture of any of these. 

13 The device (10) according to claim 1 , wherein the at least one layer 18 

L bioactive materia, contains about 0.01 to about 4 mg of the bioactive mates, per 
r^m* of the aross surface area of the structure (12). . 
Z The device .10, according to claim 1 , wherein different bioactive materials 

are posited on the different surf aces of the structure (12). 

5 The device (10) according to claim 1, wherein a bioaefve materia , 

ILted on one surface of structure (12), a porous layer (20, is posited over the 
^ t Jmlria, (1 8) on the one surface of structure (12) and over the bioactive. 

:rsz^ - -"-»- «». - a — rr is posi,ed on 

..o i auP r (20) and forms the outermost layer for structure (12). 
porous ,ayer (20 a ^ ^ ^ ^ ^ ^ ^ ^ 

materia, is posited on the bioac,ive-me,er,a,-free s,de o, structure ,12, and urthe 
matena, P and thjrd bioactive mater , a , s; and 

" — , forming the — ,yer is covaien, heparin 
bound to porous layer (20). 
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eiL T ? K eViCe aCCOrdin9 t0 C,3im 1 Wh6rein the Structure » 2) comprises 
e.the a s.ngle b.oact.ve material on one surface of said structure (12) or different 

bioactive matena.s on the different surfaces of structure (12) with a porous .ayer (20) 

o 0 !" t " mat6ria,S ^ S6COnd bi ° aCtiVe «' th 

outermost layer over porous layer (12). 

mate™, dWi r <10) a ° COrding '° C ' aim 1 Wherein plural but di,, ^nt bioactive 

matenals are pos,tad on ,ha different surfaces of structure ,1 2. with the proviso tha, 

he same b,oac«,ve materia, is no, posited on the different surfaces o, the structure 

1 2) w,,h,r , the same layer and ma. the outermost layer may comprise either a porous 

layer or a bioactive material layer. 

1 9- An implantable medical device, comprising: 

beino r ■ , a f StrUCtUr6 adapted ior 'Production into a patient, the structure 
being compnsed of a base materia, and a layer of elemental silver having a uniform 
thickness posited on said base material. 

L° s it h H' dGViCe aCC ° rding t0 C ' aim 19 Wher6in Said e,emental ^'ver layer is 
posited directly on said base material. 

iLr ■ Th !, deViCe aCC ° rding tG C,aim 1 9 where - a non-silver meta. or metal alloy 
layer ,s pos.ted on said base materia, and said silver layer is posited on said non-si.ver 

22 The device according to claim 1 9 wherein said base materia, comprises a 

Polymer coatmg and said e.ementa. si.ver layer is posited on said polymer coating 

23. The device according to c.aim 22 wherein a non-si.ver meta. or meta. a.loy 
layer ,s posited between said polymer coating and said e.ementa. si.ver .ayer 

24. The device according to c.aim 5 wherein a highly pure elemental si.ver 
layer having a uniform thickness is posited as at least one porous layer (20) 

The device according to claim 1 wherein highly pure elemental silver, silver 
-ons or a combination thereof is impregnated within the matrix of the at least one 
porous layer (20). 

26. An implantable medical device, comprising: 

a structure adapted for introduction into a patient, the structure 
being compnsed of a base material wherein elemental silver, silver ions or a 
combination thereof in a bioactive materia, effective amount is impregnated into the 
surface matrix of the base material. 

27. The device according to c.aim 26, wherein the structure is configured as 
a vascular stent. 
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28. The device according to claim 26, wherein the structure is configured as 
at least one of: a stent, a vascular or other graft, a vascular or other graft in 
combination with a stent, heart valve, an orthopedic device, appliance, implant or 
replacement, or portion thereof; or a portion of any of these. 

29. The device according to claim 26, wherein the base material is 
biocompatible. 

30. The device according to claim 26, wherein the base material of the 
structure includes at least one of: stainless steel, tantalum, titanium, Nitinol, gold, 
platinum, inconel, iridium, silver, tungsten, or another biocompatible metal, or alloys 
of any of these; carbon or carbon fiber; cellulose acetate, cellulose nitrate, silicone, 
polyethylene teraphthalate, polyurethane, polyamide, polyester, polyorthoester, 
polyanhydride, polyether sulfone, polycarbonate, polypropylene, high molecular 
weight polyethylene, polytetrafluoroethylene, or another biocompatible polymenc 
material, or mixtures or copolymers thereof; polylactic acid, polyglycolic ac.d or 
copolymers thereof, a polyanhydride, polycaprolactone, polyhydroxy-butyrate 
valerate or another biodegradable polymer, or mixtures or copolymers of these; a 
protein, an extracellular matrix component, collagen, fibrin or another biologic agent; 
or mixture thereof. 

31. The device according to claim 1 wherein said device is a balloon 
expandable vascular stent. 

32. The device according to claim 1 wherein said device is a self-expanding 
vascular stent. 

33. The device according to claim 26 wherein said device is a balloon 
expandable vascular stent. 

34. The device according to claim 26 wherein said device is a self-expanding 
vascular stent. 

35. An implantable vascular device, comprising: 

a stent structure adapted for introduction into a vascular system of 
a patient, the stent structure comprising elemental silver or silver alloys. 

36. The vascular device according to claim 35 wherein the device is produced 
from an alloy of silver and copper where amount of copper may range from about 
15% by weight to about 50% by weight. 

37. An implantable medical device (10), comprising: 

a structure (12) adapted for introduction into a patient, the structure (12) 
being composed of a base material (14); 
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a bioactive material or materials (18) posited on or in at least one surface 
of the structure (12); 

a porous material (20) posited over the bioactive material or materials (18) 
and composed of a polymer to provide a controlled release of the bioactive material 
5 or materials; and 

an antiproliferative agent selected from elemental silver, silver alloys, 
silver ions, or other silver containing materials included in or on at least one of said 
base material, said bioactive material and said polymer. 

38. The device (10) according to claim 37, wherein the porous material (20) 
10 is one polymerized from a catalyst-free monomer vapor. 

39. The device (10) according to claim 37, wherein the polymer is selected 
from at least a polyamide, polymers of parylene or derivatives thereof, polyethylene 
ox.de), polyethylene glycol), polypropylene oxide), silicone based polymers 
polymers of methane, tetrafluoroethylene or tetramethyldisiloxane or a polymer 

1 5 derived from photopolymerizeable monomers. 

40. The device (10) according to claim 37, further comprising at least one " 
coating material (16) between the structure (12) and the bioactive material op F " 
materials (18). 

41 . A method of making an implantable medical device, the device including 
20 a structure adapted for introduction into a patient, and the structure being composed " 

of a base material and elemental silver, silver ions, alloys of silver and combination 
thereof; wherein the method comprises: 

depositing said silver, silver ions, alloys of silver or combination 
thereof on the surface of said base material. 
25 42. The method according to claim 41 wherein said silver, silver ions, alloys 

of silver or combination thereof are deposited as continuous layer having a uniform" 
thickness ranging from about 1 x 10 5 cm to about 1.5 x 10 2 cm. 

43. The method according to claim 42 wherein the layer comprises elemental 
silver or an alloy of silver and copper having a copper content of about 15% by 
weight to about 50% by weight and wherein the thickness of the layer is about 3 x 
10" 5 cm. 

44. The method according to claim 41 wherein the silver, silver ions, alloys of 
silver or combination thereof are deposited into the surface matrix of the base 
material. 

35 45. The method according to claim 41 , wherein the method is carried out with 

a structure whose base material includes at least one of: stainless steel, tantalum, 
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titanium, Nitinol, gold, platinum, inconal, iridium, silver, tungsten, or ano her 
biocompatible metal, or alloys of any of these; carbon or carbon fiber; cellulose 
acetate cellulose nitrate, silicone, polyethylene teraphthalate, polyurethane, 
polyamide, polyester, polyorthoester, polyanhydride, polyether sulfone, 

5 polycarbonate, polypropylene, high molecular weight polyethylene, 
polytetrafluoroethylene, or another biocompatible polymeric material, or mixtures or 
copolymers of these; polylactic acid, polyglycolic acid or copolymers thereof a 
polyanhydride, po.ycapro.actone, po.yhydroxy-butyrate valerate or another 
biodegradable polymer, or mixtures or copolymers of these; a protein, an extracellular 

1 o matrix component, collagen, fibrin or another biologic agent; or a mixture of any of 
these 

46. The method according to claim 41 wherein the device is a balloon 
expandable vascular stent. 

47. The method according to claim 41 wherein the device is a self-expand.ng 
1 5 vascular stent. 
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